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LAKEWARD AND DOWNSTREAM MOVEMENTS OF
AGE-0 ARCTIC GRAYLING (THIYMALLUS ARCTICUS)
ORIGINATING BETWEEN A LAKE AND A WATERFALL

Mark AL ])(‘lt‘]'il}'l and Calvin M. Ku'\';ll‘2

ABsTRACT — Aretic gravling in Deer Lake, NMontana, spawn only in the 350-m segment of outlet stream between the lake
and a watertall. The prpose of this study was to examine conseqnences of and possible adaptations by this population to
spawning above the Talls, by determining the extent of loss over the falls of uge-0 voung, the daily and seasonal patterns of
such losses, and the seasonal pattern ol movement upstream into the luke by the remaining yonng. We measured fish
movements daring 1959 and 1990 with traps placed at the ontlet and at the f: ls. from I swinmp in ]ul\ until October or
November. Young went over the [alls predominantly as newly swimming frv at night. In 1959 abont 50009000 were Jost
downstream, representing an estimated 4-7% or less of young lnmln(etl. Most young thus appear adapted to maintaining
their position above the falls. A few started entering the lake in August and September. but only 95 in 1959 and 23 in 1990
liad done so by the time obsenations were ended by the onset of wintery conditions. Most movement into the lake appeared
to occur sometime dnring the si to seven months of wmmal ice cover. This extended period of stream residence contrasts
with early Jakeward movements reported for other inlet-spawning. lacustrine grayling populations and may be an adaptation

lor avoiding predation by large conspecitics in Deer Lake.
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Limited information is available on move-
ments of yoimg fish from populations inhabiting
or spawning in small headwater streams above
waterfalls. An imate tendeney of young fish
from such populations to hold p(mh(m Or IMove

pstunun in water current ( pmm\(' rheotaxis)
would be highly advantageons in preventing
their irretriesable loss over the falls. Such loss
should be limited to enable the population to
maintain itself, and appropriate behavioral
adaptation would be promoted through removal
from the gene pool of young fish dinn @ L3
downstream, Exidence for snch adaptation is
provided by stn(ll( s vreporting little or no loss
over waterfalls of voung fish from long-estab-
lished, native p()pn] wions of dln]m\\ tront
(Oucorluynehus nogkiss) and entthiroat trout (O.
clarki’ in North America (Northeote 1969,
Northcote and Hartian 198S) and brown trout
(Salmo tentta) in Europe (Jonsson 1952). Exper-
imental studies have provided evidence for a
genetic basis of such rheotactic adaptation in
rainbow trout and brown trout (Northeote 1981,
Northcote and Kelso 1981, Jonsson 1952),
Althougl :

here is evidenee for genetically

"Bialogy Department R
s

v Bozaman Montana 39717
\uthor to whom corr ’

hased, positive rheotaxis 1)_\' voung Arctic gray-
ling (Thywallus arvcticus) in streams (Kava 1989,
1991). there have been no previous studies on
their possible loss over waterfalls. Young gray-
ling may be more susceptible to such loss than
voung trout, since voung gravling are mnch
sinaller and appear to he weaker swimmers, At
swimup (initiation of swimming). voung gray-
ling are abont 9-11 mm in len(rth Kava 1))1)

wmpaled to 20 i or more fm rainbow tront
(Northcote 1962). The present observations
were conducted on apopulation of gravling that
lives inalake near the head of a mountain valley
and spawns only in a short stream section
between the lake outlet and a waterfall. Objec-
tives of the stndy were to determine whether

age-0 (first-ve ar) voumg are Jost downstream
over the falls, the d: ily and seasonal patterns of
sich losses, and the scasonal patterns of their
upstream movement into the lake. Perpetuation
of such a population wonld depend on limited
downstream loss of their progeny; and residence
in the lake would requiive npstreany migration by
the vonng. T Iw study was de signed to inclnde
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aspect that appears lacking [rom most past stud-
ies involving downstream movements from sal-
monid populations above waterfalls.

STUDY SITE AND POPULATION

Obsernvations were conducted in 1989 and
1990 on the 350-m long section of Deer Creek
that (lows from Deer Lake to a 3-m., vertical
waterfall. The lake is located at 2750 m altitude
near the head of a mountain vallev in the Mad-
ison Range of sonthwest Montana. Dimensions
of the stream on 19 Angust 1990, measured
bank-to-hank at five locations along cach of 34
transects between the lake outlet and the water-
fall (Deleray 1991), were mean width of 5.55 m
(range 1.0S-21.0), mean depth of 0.10 m (range
0.0-0.41), and mean water \‘elocit}‘ (nicasured
at 0.6 x depth at each location) of 0.05 n/sec
(range 0.0-0.48). Estimated discharge volume
ranged from about 0.02 to 0.05 m”/sec between
2 ]Ii]_\' and 9 Septenmber 1990.

Previons observations had indicated  that
Arctic gravling, the only fish in the lake, spawn
onlvin the (mtlet strean (K ava 1959), The ontlet
stream is inhiabited by (rm\hn(r frv (age-0 fish
smaller than about 2.5 e in len(fth Pxp(x et al.
1952) and other young up to al)out I4 cm in
length. Larger fish are rare, ¢ xeeptwhen spawn-
ing ddults are present during early: simmuer.
Nimbers of adults spawning in the stream were
estimated by electrofishing mark-and-recap-
ture methods at SO3 (93% CL =104)in 1959 and
1109 (95% CL*124)in 1990 with similar num-
bers of males and females (Deleray 1991). The
350-m segment between the lake and the water-

fall is t]lc onlv part of Deer Creek inhabited by

arayling. Near the hase of the waterfall the
stream disappears beneath the surface of asteep
talns slope before reemerging about 200 m
downslope. Gravling are not present in the 10
ki of streamn between the lake and the Gallatin
River. pm]mpx becanse of the stream’s steep
glu(h( nt (about 1000 11/10 km) and nunmerous
cascades. Fish habitat is absent npstream from
the lake, and the population is thus physically

isolated within the luke and the short sec¢tion of

stream above the waterfall.

METITODS

Methods and observation schedules were

influenced by the relatively remote location of

the study site. The lake is located within a des-
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ignated wilderness area and is reached viaa trail
that extends abont 10 kin from and elinibs abont
1000 m above the nearest motor vehiele access.
Loss ol ice cover from the lake and stream and
spawning activities by gravling were monitored
throngh weekly hikes to the site starting in late
May. Olbrsermsatiforis o fish behavior started as the
ice thawed and adults beean entering  the
stream, mid-June in 1959 an(l late June in 1990,
and endedasice started forming on the lake and
stream mardins (10 November 19590 or as snow
accumnlations on the trail made access difficult
(11 October 1990). Stream temperature was
continnously recorded thronghout hoth obser-

vation scasons with a ])(’dl)()(]\ Rvan Model D
thermograph placed abont 30 m downstream
from the ]11\(* Daily: miean temperature was

caleulated as the average of dailv imasimmnm and
mininnm.

Tml‘),s‘\\itl) L-mm=mesh netting were ))];u‘(‘d to
determine the dates [‘r‘\' became free-swinmming,
and to monitor their movement downstream
and ups‘tr(';lm ont of the ontlet stream. Tn 1959
three fiv emergence traps (43 < 45 cm) of the
twpe de seribe (l by Fralev et al. (19S6) were
placed over the substrate alter most spawning
had ceased. over areas where fish had heen seen
spawning and where concentrations of cggs
were visible. Becanse Arctic gravling spawn
over the substrate without excavating redds.
egos were readily visible among the substrate
pdmclvs One emergence trap was placed i a
spawning arca about 30 m below the outlet, and
the other two were placed i the principal
spawning arca about midway throngh  the
stream les Wth S\\mml) fin in the traps were
removed and tabulated (lul\ or on alternate
davs imtil emergence ceased.

One-way traps were placed across the lake
outlet and at the top of the waterfall to monitor
movement of vonng ont of the stream. The
npstream trap had V-shaped. sereened barriers
extending completely across the outlet and fead-
ing npstreant into a holding box. This trap
e DTt W e e o e e e s trap
was installed after most adnlt spawners had left
the stream bt belore the vonng became free-
swinnning. After installation. the trap was in
continons operation throngh both obsenvation
scasons. 1t was inspected at imtervals varving
from several davs to abont one week: voung
were  removed.  measnred.  and  released
upstream into the lake.

The downstream trap was a drift net with its
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Fig. 1. Total number of young Arctic gravling (Thymallus
arcticus) in three emergence traps placed over the sub-
strate, and in the waterfall trap, Deer Creek, Montana, 1989.

opening positioned at the lip of the waterfall; it
collected voung that were going over the falls.
In 1989 this tr ap sampled about 0.3-0.5 of the
streant volume, as estimated by comparing flow
rate into a plastic sack attached to the trap versus
estimated stream discharge volume. In 1990
Veshaped barriers were added to direct all flow
through the net. In 19589 the trap was installed
on sampling days and left in place for abont 24 L
before the young within were tabulated and
measured. The tmp was deployed on 6 July,
before frv became free-swimming. and oper-
ated at intervals of one to two (L\\s until num-
bersin the trap declined sharply. Thereafter, the
trap was operated at intervals of several days to
two weeks until 19 October. In 1990 this trap
was operated less frequently, at intervals rang-
ing from five days during the swimup period to
about four weeks in September and October, to
determine diel patterns of movement over the
falls of voung at different ages post-swimup.
'mnplimr began on 23 July as fry started to
swin. On samipling dates the trap was deployed
at 1000 or 1100 h (Mountain Standard Time);
the trap was emptied of young at 1400 h, and
thereafter every 4 h until T000 h the next dav.

RESULTS

Spawning occurred through much of the
350-mt length of the stream. from about 10 m
below the lake ontlet to within 15-20 m of the
falls. The most heavily used area was a 10-m
reach about 130140 m above the falls. Tn 1989
spawning ocenrred during the last week of June,
and swinmp of frv in the emergence traps began
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about 11 uly, peaked in mid-month. and con-
tinued wntil about 25 July (Fig. 1). Spawning in
1990 occnrred during the first week in July; and
swimup of frv be(mn in mid-month and contin-
ued to the end uf the month.

I 1989 fry started appearing in the falls trap
as they became free- swimming (Fig. 1). Highest
daily totals of frv in the falls trap. G(Jnmall\ over
200 per day, occurred 15-22 Julv as numbers of
fry l)ecommg free-swimming in the emergence
traps peaked, and then declined. The swimup
period ended abont 25 July; thereafter, within a
week, numbers of young in the falls trap
declined to 0-6 per day. No voung entered the
falls trap after 20 September.

Movement of fry over the falls was concen-
trated within a 19-day period, 13-31 July. The
falls trap was operated for 13 of these days, and
the mean number of frv per 24-h sample was
127.3. Extrapolation from the estimated 30-
50% of total stream volume that passed through
the net, and application of the 13-day mean to
19 days, vielded a crude estimate of 14837-5062
voung gravling lost over the falls 13-31 ]ul\'

umhms in tlw falls trap averaged only 2.7 per
(Ll\ during the 11 davs sdmpled from 1 August
to 20 Se l)tombu the last day yonng entere d the
trap. Similar extrapolation to this 51 -day pen()d
vielded a crude estimate of an additional 275-
459 voung lost. Thus. the nmmber of young lost
do\\nstwmn over the falls in 1989 dm‘m(r the
period from swimup of fiy to onset of ice cover
over the stream was 1()11"111\ estimated at 5000-
9000).

Frv were already becoming free-swimming
when the falls trap was installed on 23 July 1990.
Numbers of young per day in the falls trap
peaked at 561 on 25 July. diminished to 49 ten
days later on 6 August, and to 3 by S September.
No voung ente led the trap on 12 October. the
fast dd\ salnp]( «d in 1990. During the swimup
pe riod fry went over the falls pr edominantly at
night (2 23 and 28 Julv: Fig. 2). However, there
wWas no consistent pattern of (hm’nzl] Vs, noctur-
nal movement among the fewer yvoung fish that
went over the falls on later dates (G and 17
August: Fig. 2). Too few davs were sampled at
thv falls in 1990 to estimate total numbers lost.

In contrast to earlv losses over the f falls,
upstream movement ()f voung g d\lmv into the
lake did not hegin nntil Tate smmmer, when the
fish were larger and water temperatures were
cooling (Fig. ‘3) Stiall numbers of voung were
tmpped at tll(’ lake outlet starting in mid- ~\n(fnst
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Fig. 2. Diel patter of young Arctic gravling (Thymallus
arcticus) accunulated in waterfall trap during 3- or 4-h
sampling periods (1000 or 1100 I to 1400 Ii, then at 4-h
intervals thereafter), Deer Creek, Montana, 1990, Note
change of y-axis on July 25, Mean sizes of yonng on these
sampling dates are in Fignre 3. Arrows indicate sunset and
sunrise.

1989 and early September 1990. Total nmmbers
of voung trapped per 3-dav to 1-week periods in
September and October were 0-26 in 1959 and
0=14 in 1990 (Fig. 3). Only 95 age-0 voung had
moved up into the lake in 1959 and 23 in 1990,
betore observations were terminated by the
onset of winterlike conditions in November
1959 and October 1990. While age-0 gravling in

the falls trap were mostly new l\ swinning (v

that averaged 12-14 mm in lon«rth the snm]]( st
moving upstxe(lm into the ]al\c trap averaged
52-54 mm in length (Fig. 3).
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Fig. 3. Mean daily temperatnre "Cooof Deer Creek,
Montana, wmean total lengths of age-0 gravling Thymallus
arcticns) i waterfall and Take traps. and munbers of age-t)
gravling in the lake trap. 1959 and 1990, Arrows indicate
dates when numbers of young becoming free-swimming
icollected in emergence traps) peaked during 1959 and
1990,

Although numbers of resident voung in the
stream were not estimated, visual obsenvations
indicated that age-0 fish were abundant in
November 1959 as ice was starting to form on
the stream. but were present in much fewer
numbers (as age-1 fish) when ice cover melted
the following Jine. The age-1 fish still in the
stream in Jnn(- 1959 and 1990 had upstream
Pe atterns of movement similar to those of the
age-0 fish; venv few entered the Like during the
June-Nove mber study period. and these lim-
lté‘(l npstream  moveme nts ocenrred nm\t]\
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between earl: September and the end of obser-
vations in October or November. In 1989 only
seven age-1 fish were in the lake trap from ‘]unc
to the end of August, and 38 more from Septem-
ber to the end of observations in November. In
1990 onh two age-1 fish were mepo(] both in
Septe anber. Age-1 fish were nearly absent from
the falls trap; t]m e were trappec d in 1959 and
two in 1990, Fish older than age-1 were rare in

the stream when ice cover thawed in June of

hoth vears.

During the simmer of 1990, six adults
remained in the outlet stream. These fish were
seen in shallow water (3-10 em deep) chasing
aroups ol voung in late July. One was (dptme(]
with a (llp net lm(] had 12 age-0 grayling in its
stomach.

DISCUSSION

Since we did not estimate the number of

voung I)l'()(]l]L‘(‘(] in the strean, we do not know
the percentage of total voung lost over the falls
between swinmp and the vn(l of obsennations in
October and November. Tiwo considerations
snggest that the losses represented a relatively
small percentage of voung produced. First. it
was  visuallyapparent  that  age-0 voung
remained abundant and widely (l]stnlmt()d
thronghout the stream until the end of each
observation season. Second, we estimated that
the mumber of eggs that could have been
spawned by this population during 1959 was
about 1.3 million. This was based on the esti-
mated average of 29SS eggs in each of seven
females sampled (range 2459-367-H and the
estimated number of 426 adult females in 1959
(Deleray 1991). 1 we assime. as an example,
that swimup fry resulted from 10% of this poten-

tial cog deposition, then the estimated loss of

vonng over the falls (5000-9000) would be
abont 4-7% of h)' ])m(llu'( din 1989, We do not
know of any estimates of the re lutionship
between potential egg deposition and actual fry

production by <r1‘1\|||1(y However, a fignre of

10% scems consenvative compared \\11]1 reeent
estimates of 11.53-222% for c¢hum  salmon
Oucorhynchus keta) and 16.4-29.1% for coho
salmon 1O kisutel) in a Canadian strean, witl
the lower percentages assoeiated withy poor sub-
strate quality (Scrivener and Brownlee 1989).
The ar: l\]lll" lost doswnstream were predom-
inanth small, newh swimming frv that went
over the falls at night. The noctmal down-
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stream movement of the voung was simiilar to
those of young from inlet-spawning populations
of ar: l\]lll(f(l\mw 1959, Lund 1974, Wells 1976)
and other salmonids (McCart 1967, Northeote
1969, Brannon 1972). These observations were
also consistent with results of experiments inan
artificial stream (Kaya 1959), which indicated
that althongh voung Deer Lake gravling had an
innately greater tendency to swim upstream
than those of an inlet- Sl)‘d\\'llill” popu]ation nany
moved downstream, especially in darkness.

If loss over the d]]s results from deliberate
downstream migration by the voung, then this
may indicate that the Deer Lake l)()pnlzlti(m has
not vet completely adapted to outlet spawning.
If so. then the waterfall is continuing to act as a
selective factor removing those young with
inappropriate responses. lllu)mpl( te adllpt(l—
tion has also been suggested as an explanation
for downstream movement by many swinmup frv
of rainbow—cutthroat hvbrid trout that spawn in
the outlet of a Colorado lake (Lentsch 1983).
The lake had fivst been planted with tront about
100 vears earlier. Little or no downstream loss
lias been reported trom populations of brown
and rainbow trout native to waters above falls
(Northcote 1969, 19S1. Jonsson 1982
Northcote and Hartman 195S). in contrast to
downstream movement over cascades of an esti-
mated 22% of marked rainbow trout in a stream
that had been stocked repeatedly in preceding
vears with nonnative rainbow trout (Chapman
and May 1956). The Deer Lake population
almost certainly originated through a transplant
of voung [rom an inlet-spawning population
sometime during the present century. In Mon-
tana, grayling were not present above natural
barriers to upstream movement. and the only
lakes within the original range that were natu-
rallv accessible to fish and known to have con-
tained native gravling were Upper and Lower
Red Rock lakes and perhaps Elk Lake. of the
Red Rock River drainage (Nelson 1954, Vincent
1962). Another lacustrine population originated
with the creation of Ennis Reservoir on the
Madison River, which containednative gravling.
The Red Rock. Elk, and Ennis populations are
inlet-spawning. Populations in other lakes orig-
inated throngh stockings that began after artiti-
cial culture of the speeies was initiated in 1598
(Henshall  1906).  Unpublished  records of
reaiomal, state, and federal hatcheries involved
in these stocking programs indicate that fertil-
ized egas were ()])t(uncd from Upper Red Rock
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Lake or Ennis Reservoirorotherinlet-spawning
populations established  through  transplants
from these two sources (Kava 1959, 1990).
Outlet-spavwning populations are known to have
evolved elsewhere from transplants of inlet-
spawning gravling (Kruse 1959) and rainbow
tront (Northcote 1969).

It is possible that downstream loss of many
vonng fish occurs even from popnlations we |l
d(]d])ted to spawning above a waterfall. With
native. above-falls p()puldt)ons that have been
studied, the voung sampled were brown trout
from about 10 ¢m to over 20 eni in 10n<ft|1
(Jonusson 1952). or rainbow and cutthroat trout
whose sizes were not stated (Northeote 1969,
1981, Northcote and Hartman 1958). Given the
rapid - post-swimup  decline of  downstream
movement observed in the present study. con-
clusions on magnitude of such losses w onld lave
been very different if the sampling had begun
one or two weeks after the end of the swinmp
period, or if the only fish sampled were larger
than 1.5-2.0 cm.

Factors other than deliberate downstream
movement conld have prodinced losses over the
falls. including passive drift or local dispersal.
Those vonng that were lost could have origi-
nated from eggs either spawned within or
drifted to locations close to the falls. Adults
spawned within 15-20 m above the falls, and we
confirmed visnally that many eggs drift down-
stream from spawning arcas dftm being broad-
cast over the substrate. I*n onﬁnmtma from
eggs near the falls could be Jost t]n(m(rh passive
drift if they became free-swinming at night and
were consequently displaced downstream in the
darkness, as has heen deseribed of Enropean
gravling (. thymallus; Bardonnet and Gandin
1990). Downstream losses could also represent
passive drift of dead or unhealthy fish, as sug-
gested by a report that S1% of yoing Lrown
tront produced in a section of stream did not
survive and drifted downstream. mostly at night
(Eliott 1956). We did not attempt to determine
the health of voumg gravling in the [alls trap.

Loss over the falls could be an indirect con-
sequence of local dispersal of voung within the
stream as they became free-swimming. Young
sockeve
outlet-spawning  populations
reported to temporarily disperse downstrean
before holding position or swinnming npstream
into lakes (N[((uu*l 1967, Brannon 1972). Young
gravling in Deer Dreek also disperse locally

have  been
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from the innnediate spawning areas, some of
them apparently  downstream.
becoming (ree-swinnming near the falls. even
localized downstream dispersal could resnlt in

For those

some being carried over, especially imder con-
ditions of poor visibility at night.

The resnlts indicate that Deer Lake eravling
spend at least the first, and possibly dls() their
second, smmmerand early to mid-antnmn in the
outlet stream. Tlowever, the resnlts did not
permit s to determine the exact timing of most
movement by voung into the lake, or whetlhier
they move npstw.ml predominantly as age-0 or
as age-1 fish. The verv few voung that moved
into t]n(' luke diring Doth observation scasons
could not account for the numbers of spawning
adults produced in the popnlation. Since there
is no other source of vonmg, and since the 1959
observation scason extended over the entire ice-
free period on the stream, imaintenance of the
Deer  Lake  popnlation mmst  depend  on
upstreant movement of vonng sometime during
the six to seven m(mth\ of <l|l||lldl ice cover.
Although age-0 voung greatly diminished in
nnm])els and age-1 fish \lmml]\ disappeared
from the stream lx stween the onset of ice cover
in November 1959 and its thawing in June 1990,
we do not know the proportions of these redne-
tions in numbers attributable to movement into
the lake. death, orloss over the falls. The greatly
diminished numbers of voung in the falls trap
during late smmmer and their absence in the
tmp])\ Octoberof both vears snggest that dovwn-
stream losses during winter may be small. The
chronology of major movement by voung grav-
ling into the like and the nmmbers and ages of
fish involved wonld need to be resolved by
observations during winter,

Little is known about duration of stream
residence for ontlet-spavwning popnlations of
Arctic gravling. Young from inlet-spaswning pop-
nlations of the species typically have an carly
descent to the lake. ranging from immediate N
after swimup (Kmse 1959, Limd 1974, Wells
1976) to within several weeks (Nelson 1954).
\We are not aware of other studies on stream
residence times of vonng gravling from outlet-
spawning popul: tions and so do not know
whether extended period of stream residence is
tvpical for such populations. Young rainbow
tront of ontlet-spavwning populations tend to
remain for extended periods of at least a month
to a year or more before migrating upstream to
Jakes. while those of inlet- spd\mnwpoanlh(;llx



350 GREAT BASIN NATURALIST

migrate when newly swimming in some p()pu]d-
tions and after extended pe 11()ds of stream resi-
dence in others  (Northcote  1969).  The
extended stream residence of voung Deer Lake
aravling is also consistent with their lesser ten-
deney to swim upstream in an arti ficial stream
as carlv fryv (from swimup to three weeks). com-
pared with their responses when older, within a
stndy period of up to 10 weeks post-swimup
(Kava l‘%‘) 1991).

It may be that young of an ontlet-spawning
POy )an(m need to attuin larger sizes and
thereby become stronger Eaitimiers before thev
can swim upstrean into the lake. However. this
possibility appears contradicted by our casnal
observations that age-0 grayling of all sizes in
Deer Creek, starting from those newly swim-
ming, were capable of swimming upstream
when they were disturbed by our presence.
Those voung originating from spawning areas
within a few meters ()fthe lake outlet couldhm e
entered the lake by moving only a short distance
upstream.

Another possible factor, quality of rearing
habitat, also does not appear to favor C\tcndcd
residence in Deer Creek. Deer Lake grayling
arow slower during their first two years tlmn
those of other lacustrine popnlatmns studied
thus far in Montana, but thereafter thev grow at
similar or faster rates (Deleray 1991). Unh]\(*
vonng Deer Lake gravling, those from inlet-
spawning p()pnlatmns in \l(mt(nn spend their
first snmmer and antumn growing season in
lakes. The slower early growth of Deer Lake
gravling thus appears related to their spending
their fnst growing scasons in the stream rather
than in t]w lake.

We specenlate that voumg Deer Lake grayling
nay remain in the outlet stream to avoid intra-
specific predation in the lake. Eriksen (1975)
observed that age-0 grayling in several Montana
lakes ocenpied shallow, near-shore arcas among
rooted agnatic vegetation, and suggested that
their distribution provided protection against
predation by the adults. Behavior of the {ew
post-spawning adults that remained in Deer
Creek diring the simuner of 1990 confirmed
that adults will prevoon the voung, Young grav-
ling wonld likely be susce ptn])](‘ to pre dation b\
larger conspec ilies in Deer Lake becanse of its
high water clarity throughout the summer and
the lack of rooted macrophytes. In the ontlet
strean the onh potential predators of voing
grayling that we saw were the relativ (‘]\ Fc\\
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residual adult and age-1 gravling remaining
through the summer, and an occasional belted
l\lﬂ”f]%]](‘l (Aves, Ceryle aleyon). Thus, the
movements of age-0 Deer Lake (frmhntf that
remain in the ()utlet stream appear d(l(ll)te(l both
to beginuing their existence a short distance
above a waterfall and to avoidance of predation
by larger conspecifics in the lake.
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